We investigate active galactic nuclei (AGN) candidates within the FourStar Galaxy Evolution Survey (ZFOURGE) to determine the impact they have on star-formation in their host galaxies. We first identify a population of radio, X-ray, and infrared-selected AGN by cross-matching the deep K s -band imaging of ZFOURGE with overlapping multi-wavelength data. From this, we construct a mass-complete (log(M * /M ) ≥ 9.75), AGN luminosity limited sample of 235 AGN hosts over z = 0.2 − 3.2. We compare the rest-frame U − V versus V − J (UV J) colours and specific star-formation rates (sSFRs) of the AGN hosts to a mass-matched control sample of inactive (non-AGN) galaxies. UV J diagnostics reveal AGN tend to be hosted in a lower fraction of quiescent galaxies and a higher fraction of dusty galaxies than the control sample. Using 160µm Herschel PACS data, we find the mean specific star-formation rate of AGN hosts to be elevated by 0.34 ± 0.07 dex with respect to the control sample across all redshifts. This offset is primarily driven by infrared-selected AGN, where the mean sSFR is found to be elevated by as much as a factor of ∼5. The remaining population, comprised predominantly of X-ray AGN hosts, is found mostly consistent with inactive galaxies, exhibiting only a marginal elevation. We discuss scenarios that may explain these findings and postulate that AGN are less likely to be a dominant mechanism for moderating galaxy growth via quenching than has previously been suggested.
INTRODUCTION
There is mounting evidence demonstrating that supermassive black holes (SMBHs) play a fundamental role in the formation and evolution of galaxies over cosmic time. Previous work has found the mass of a SMBH is tightly correlated with various properties of its host's hot spheroidal bulge, including its luminosity (e.g. Kormendy & Richstone 1995; Graham 2007; Sani et al. 2011 ) mass (e.g. Magorrian et al. 1998; Marconi & Hunt 2003; Beifiori et al. 2011 ) and velocity dispersion (e.g. Gebhardt et al. 2000; Gültekin et al. 2009; Graham et al. 2011) . During periods of rapid accretion, the galactic nuclei of these systems can also release an immense amount of energy into the surrounding environment of the host galaxy (e.g. Kormendy & Richstone 1995; Magorrian et al. 1998) . As a result, theoretical simulations commonly invoke feedback from these active galactic nuclei (AGN) outflows to regulate the star-formation activity of galaxies (e.g. Ciotti & Ostriker 1997; Silk & Rees 1998; Croton et al. 2006) . The inclusion of a negative feedback mechanism helps resolve the overproduction of massive galaxies in simulations by heating or driving out gas to suppress starformation. While observational evidence supports negative feedback via AGN-driven outflows (e.g. Nesvadba et al. 2006; Feruglio et al. 2010; Fischer et al. 2010) , recent studies also point to the possibility of AGN producing positive feedback, whereby AGN outflows trigger star-formation by compressing cold dense gas. (e.g. Silk & Norman 2009; Elbaz et al. 2009; Zinn et al. 2013) .
In order to reconcile these contradictory outcomes, the complex interplay between AGN activity and star-formation must be examined. Early studies, which tried to achieve this, relied on optical spectra to select AGN from large parent samples of galaxies. The main drawback of this approach was the restriction of low redshifts (z < 0.3; Ho 2005; Kim et al. 2006; Salim et al. 2007 ). With cosmic AGN activity peaking at a similar epoch to cosmic star-formation (z ∼ 2), these studies potentially miss a key phase of AGN evolution.
More recent studies have pushed to higher redshifts by taking advantage of X-ray emission, which is an effective probe of AGN activity. Upon comparing X-ray AGN hosts to mass-matched reference galaxies, these studies yield results suggesting only minor or no difference in star-formation activity between the two samples (Xue et al. 2010; Santini et al. 2012; Mullaney et al. 2011; Rosario et al. 2014) . However, by relying on X-ray selected AGN, these studies may also miss a key phase when AGN are hosted in dust-rich, X-ray obscured galaxies (Sanders et al. 1988) .
In this paper, we expand on this work by investigating the empirical connection between AGN activity and starformation by selecting and analysing a diverse sample of AGN across a broad range of obscuration levels over z = 0.2 − 3.2. Our parent sample is the deep K s -band imaging of ZFOURGE (Straatman et al. 2015, submitted) , which not only grants us access to all galaxies types, but also allows us to probe to lower stellar masses and higher redshifts.
To identify AGN, we cross-match the K s -band imaging with radio, X-ray and infrared (IR) datasets to allow the use of standard AGN selection techniques, and make use of rest-frame UV J colours to distinguish quiescent galaxies from star-forming galaxies. To gauge star-formation activity, we employ deep far-infrared (FIR) data (160µm) from the Herschel Space Observatory. Our principal aim is to compare AGN hosts with a mass-matched sample of inactive galaxies, before discussing the implications of our results for understanding the connection between star-formation and AGN activity, as well as the impact AGN has on galaxy evolution. This paper is structured as follows. In Sections 2 and 3, we describe the ZFOURGE and multi-wavelength data sets and AGN sample construction, while in Section 4 we outline our methodology to construct a mass-matched sample of inactive galaxies. In Section 5, we present our comparative analysis, before discussing the results and their implications in Section 6. Finally, we summarise our findings in Section 7.
Throughout this paper, we use an AB magnitude system, a Chabrier (2003) IMF, and assume a ΛCDM cosmology with H 0 = 70 km s −1 Mpc −1 , Ω M = 0.3, Ω Λ = 0.7.
ZFOURGE AND ANCILLARY DATA SETS

Galaxy Catalogues
Our parent sample is comprised of galaxies identified in the ZFOURGE 1 survey, which covers three 11' x 11' pointings in the CDFS (Giacconi et al. 2002) , COSMOS (Scoville et al. 2007 ) and UDS (Lawrence et al. 2007 ) legacy fields. ZFOURGE uniquely employs deep near-IR imaging taken with five medium-band filters on the FourStar imager (Persson et al. 2013 ) mounted on the 6.5m Magellan Baade telescope. The imaging reaches 5σ point-source limiting depths of ∼26 AB mag in J 1 , J 2 , J 3 and ∼25 AB mag in H s , H l , K s (Spitler et al. 2012) . For galaxies at redshifts z = 1.5 − 4, these filters bracket the rest-frame 4000Å/Balmer breaks, resulting in well-constrained photometric redshifts within σ(z)/(1 + z) ≈ 1 − 2% (e.g. Kawinwanichakij et al. 2014) . ZFOURGE is supplemented with existing data from CAN-DELS HST/WFC3/F160W (Grogin et al. 2011; Koekemoer et al. 2011; Skelton et al. 2014) and Spitzer/IRAC, as well as other ground-based imaging, to generate multi-wavelength catalogues spanning 0.3 − 8 µm. Fluxes at wavelengths of the Infrared Array Camera (IRAC; Fazio et al. 2004), 3.6, 4.5, 6.8, and 8 .0 µm are measured using the deblending approach described in Labbé et al. (2006) . For further details on the acquisition, data reduction, and bands used to construct the ZFOURGE catalogues, see Tomczak et al. (2014) and Straatman et al. (2015, submitted) .
Radio Data
Following Rees et al. (2015) , we cross-match ZFOURGE with published radio sources based on overlapping data from the Very Large Array (VLA). We use the VLA 1.4 GHz Survey of the Extended Chandra Deep Field South: Second Data Release of Miller et al. (2013) for the ZFOURGE-CDFS field, the VLA-COSMOS Survey IV Deep Data and Joint catalogue of Schinnerer et al. (2010) for the ZFOURGE-COSMOS field, and the Subaru/XMM-Newton Deep Field-I 100 µJy catalogue of Simpson et al. (2006) for the ZFOURGE-UDS field. The minimum root-mean-square (RMS) sensitivity for each survey is 6, 10 and 100 µJy/beam, respectively. Upon correcting for systematic astrometric offsets in each field, radio sources are cross-matched within a radius of 1 of their K s -band counterparts. Of the 286 radio sources that overlap with the ZFOURGE fields, 264 were cross-matched with a K s -band counterpart. We visually inspect the remaining 22 sources and find 2 in the ZFOURGE-COSMOS field were missed due to confusion from complex extended structures (i.e. radio jets), with their recorded position offset from the galaxy core. The remaining 20 sources are considered candidate IR faint radio sources (IRFS; Norris et al. 2006) , with a visual inspection yielding no identifiable counterparts in the K s -band images. Considering this, a total of 266 radio counterparts are found in the ZFOURGE K s -band images (∼92% of all overlapping radio sources), with 119 in CDFS, 116 in COSMOS, and 31 in UDS.
X-Ray Data
We cross-match ZFOURGE with published X-ray sources based on overlapping data from the Chandra and XMMNewton space observatories. We use the Chandra Deep FieldSouth Survey: 4 Ms Source catalogue of Xue et al. (2011) for the ZFOURGE-CDFS field (X11 henceforth), the Chandra COSMOS Survey I. Overview and Point Source catalogue of Elvis et al. (2009) for the ZFOURGE-COSMOS field (E09 henceforth), and the Subaru/XMM-Newton Deep Survey III. X-Ray Data of Ueda et al. (2008) for the ZFOURGE-UDS field (U08 henceforth). The on-axis limiting flux in the soft and hard bands for each survey is 9.1 × 10 −18 and 5.5 × 10 −17 erg cm −2 s −1 , 1.9 × 10 −16 and 7.3 × 10 −16 erg cm −2 s −1 , and 6.0 × 10 −16 and 3.0 × 10 −15 erg cm −2 s −1 , respectively. Upon correcting for systematic position offsets in each field, X-ray sources are cross-matched within a radius of 4 of their K sband counterparts. Of the 683 X-ray sources that overlap with the ZFOURGE fields, 545 (∼80%) are found within 1 of a K s -band counterpart. A further 47 sources (∼7%) at >1 are added after a visual inspection of both the X-ray and K sband imaging confirmed no confusion from multiple sources within the matching radius. The remaining 91 sources yield no further matches with no visible counterparts identifiable. Considering this, a total of 592 X-ray counterparts are found in the ZFOURGE K s -band images (∼87% of all overlapping X-ray sources), with 422 in CDFS, 93 in COSMOS, and 77 in UDS.
Far-infrared Data
We make use of overlapping Spitzer/MIPS and Herschel/PACS FIR imaging. The data used in this study are from 24 and 160 µm photometry. We use imaging from the GOODS Spitzer Legacy program (PI: M. Dickinson) and GOODS-H (Elbaz et al. 2011) for the ZFOURGE-CDFS field, S-COSMOS Spitzer Legacy program (PI: D. Sanders) and CANDELS-H (Inami et al. 2015, in prep) for the ZFOURGE-COSMOS field, and SpUDS Spitzer Legacy program (PI: J. Dunlop) and CANDELS-H for the ZFOURGE-UDS field. The median 1σ flux uncertainties for each survey is ∼10 µJy in COSMOS and UDS, and 3.9 µJy in CDFS. Photometry from this data are produced using MultiResolution Object PHotometry oN Galaxy Observations (MOPHONGO) code written by I. Labbé (for further details, see Labbé et al. 2006; Fumagalli et al. 2014; Whitaker et al. 2014 ).
2.5 Photometric Redshifts, Rest-frame Colors, Stellar Masses and Star-Formation Rates
The photometric redshifts and rest-frame colours of galaxies in ZFOURGE are calculated using the public SED-fitting code, EAZY . EAZY uses a default set of 5 templates generated from the PÉGASE library (Fioc & RoccaVolmerange 1997) , plus an additional dust-reddened template from Maraston (2005) . Linear combinations of these templates are fit to the observed 0.3 − 8 µm photometry for estimating redshifts. Stellar masses are calculated by fitting Bruzual & Charlot (2003) stellar population synthesis models using FAST (Kriek et al. 2009 ), assuming solar metallicity, a Calzetti et al. (2000) dust extinction law (with A V = 0−4), a Chabrier (2003) initial mass function (IMF) and exponentially declining star-formation histories of the form SFR(t) ∝ e −t/τ , where t is the time since the onset of star-formation and τ (varied over log[τ/yr] = 7 − 11) modulates the declining function. Star-formation rates (SFRs) are calculated by considering both the rest-frame UV emission from massive unobscured stars and the re-radiated IR emission from dust obscured stars. The combined UV and IR luminosities (L UV and L IR ) are then converted to SFRs (Ψ) using the calibration from Bell et al. (2005) , scaled to a Chabrier (2003) IMF:
where L UV =νL ν,2800 is an estimate of the integrated 1216-3000Å rest-frame UV luminosity, derived from EAZY, and L IR is the bolometric 8-1000µm IR luminosity calculated from a luminosity-independent conversion (Wuyts et al. 2008 (Wuyts et al. , 2011 using PACS 160µm fluxes. For stacked measurements, we consider all sources, including those with zero or negative 160µm fluxes. This ensures our samples are not biased against quiescent galaxies or those with low SFRs. A comparison of our 160µm fluxes to that of the PACS Evolutionary Probe survey (Lutz et al. 2011 ) reveals good correspondence, with a median offset of ∆mag ∼ 0.20. The quality of other derived galaxy parameters are explored in more depth in the ZFOURGE survey paper Straatman et al. (2015, submitted) . For all galaxies, whether active or inactive, we use 'pure' galaxy templates in our SED fits, without consideration of an AGN component. Some studies adopt a single power-law template in an effort to decompose the combined SED into AGN and host galaxy components (e.g. Hao et al. 2005; Bongiorno et al. 2013; Rovilos et al. 2014) . Though popular, it is unknown if such a broad approach would be effective on our diverse sample of AGN. We acknowledge potential contamination from AGN and adopt various tests to check for the effects on photometric redshifts (Section 2.6) and other derived galaxy properties when presenting our results (Section 5.3). Comparison of photometric and spectroscopic redshifts for our radio (green diamonds), X-ray (blue squares) and IR (red circles) AGN hosts. The solid line is the z phot = z spec relation, the dashed lines are z phot = 0.05 ± (1 + z spec ) and the dotted lines are z phot = 0.15 ± (1 + z spec ). AGN Hosts outside of the dotted lines are defined as outliers.
Reliability of AGN Photometric Redshifts
AGN emission is known to complicate the computation of photometric redshifts (e.g. MacDonald & Bernstein 2010), which can ultimately impact the derivation of rest frame colours and stellar population properties. In order to test the accuracy of our AGN sample (see Section 3 for AGN classifications), we compare the sample's photometric redshifts from ZFOURGE to a secure sample of publicly available spectroscopic redshifts sourced from the compilation of the 3D-HST (Skelton et al. 2014) and ZFIRE (Nanayakkara et al. 2015, submitted) surveys. We use the Normalised Median Absolute Deviation (NMAD) to calculate scatter:
where ∆z = z phot − z spec . From the 500 AGN hosts identified in ZFOURGE, we find 136 cross-matches with reliable spectroscopic redshifts. Figure 1 shows a relatively small number of AGN hosts with photometric redshifts very different from the spectroscopic value. These outliers (defined here to have |∆z|/ 1 + z spec > 0.15) make up 7.40% of our sample and are subsequently ejected. Assuming the remainder of the AGN population has a similar outlier fraction, there is potential for an additional 27 AGN in our sample to have unreliable redshifts. Indeed, we visually inspect the SEDs of those AGN lacking a spectroscopic counterpart and manually eject 14 (3.85%) with questionable fits. The accuracy of photometric redshifts for our AGN hosts is σ NMAD = 0.023, which is only slightly higher than the general ZFOURGE population (σ NMAD = 0.018; Tomczak et al. 2014) . The strong correspondence between the photometric and spectroscopic redshifts in ZFOURGE is attributed to the efficient way the ZFOURGE medium-band filters trace the 4000Å/Balmer breaks, which is driven by stellar light. Despite this, it remains possible that restframe optical AGN emission can increase the uncertainty of the photometric redshifts. For obscured (i.e. Type-2) AGN, several studies have demonstrated contamination to host galaxy properties is negligible (Silverman et al. 2009; Schawinski et al. 2010; Xue et al. 2010 ). However, the AGN population in this work may also contain luminous, unobscured (i.e. Type-1) AGN, which may impact SED fits. To quantify how many of these might be in our sample, we search for objects (at all redshifts) with rest-frame UV J colours ±0.5 mag around a SWIRE Type-1 QSO template (Polletta et al. 2007 ). We find 23 sources (∼ 4% of the parent AGN population) with these colours. A visual inspection of their SEDs reveal a sound fit to photometry, resulting in a photometric redshift with low error. Given this, we retain these sources in the parent AGN population. For our comparative analysis (Section 5.1), we select a mass and luminosity limited subsample from the parent AGN population (Section 4). Only 1 of the 23 sources with QSO colours is selected in this subsample.
MULTI-WAVELENGTH AGN SELECTION
The diverse and complex interactions between an AGN and its host galaxy make constructing a thorough and unbiased sample a formidable task. Variations in luminosity, morphology, orientation and dust obscuration dictate the need for a multi-wavelength, multi-technique approach. For example, while optical and X-ray selection techniques are both highly efficient, they break down when AGN hosts are heavily obscured by large amounts of gas and dust (e.g. Lacy et al. 2006; Eckart et al. 2009 ). On the other hand, radio and IR selection techniques are relatively immune to dust extinction, but galaxies with copious amounts of star-formation can contaminate a sample (e.g. Condon et al. 2002; Donley et al. 2005) . In this section, we describe our approach to minimise such bias by constructing a robust AGN sample from multi-wavelength data. We restrict the sample to sources over z = 0.2 − 3.2 with clean photometric detections in the ZFOURGE catalogues (e.g. near star and low-signal-to-noise flags). Further details of the ZFOURGE quality control flags will be presented in Straatman et al. 2015, submitted.
Radio AGN Selection
The accretion of material onto a supermassive black hole is known to produce nuclear radio emission, collimated into relativistic jets that propagate perpendicular to the plane of the accretion disc. While the detection of such radioemitting jets unmistakably implies the presence of AGN, radio emission can also be caused by star-formation. As a result, radio detections at redshifts beyond the observable jet structure require alternative means for discriminating AGN hosts from inactive, star-forming galaxies. To achieve this, we use the Radio-AGN Activity Index of Rees et al. (2015) . Briefly, this takes advantage of the tight correlation observed between a galaxy's radio (synchrotron) and IR (thermal) emissions (Helou et al. 1985) , which Morić et al. (2010) found holds for a diverse range of galaxies over a broad redshift. The exception was radio AGN, which presented a discernible Radio Source Radio AGN Rees et al. (2015) Radio AGN Activity Index (2015) adopt a conservative cut above this region (SFR RAD /SFR IR+UV > 3; crosshatched region) to select radio AGN (green diamonds). Sources that lack a reliable (> 3σ) 160µm detection are given 3σ limits (arrows).
offset from the correlation. The Radio-AGN Activity Index, which operates in SFR space, exploits this offset by assuming SFR RADIO = SFR IR+UV if 100% of the radio emission originates from star-formation. Sources with excess SFR RADIO are identified as radio AGN:
The inclusion of UV emission accounts for the possibility of radio star-forming galaxies with low dust, which would otherwise produce an excess in SFR RAD and be misclassified as radio AGN. To calculate radio SFRs, we first make use of the cross-matched photometric redshifts from ZFOURGE and apply radio K-corrections to estimate rest-frame radio luminosities using:
where d l is the luminosity distance in cm, f RAD is the observed radio flux in W m −2 Hz −1 , and α is the radio spectral index 2 , which we fix to α = −0.3 as found in the Wuyts et al. (2008) average star-forming SED template. While this spectral index is flatter than the standard α = −0.7, it is adopted to ensure consistency with the Wuyts et al. (2008) SED template, which is also used to derive IR SFRs. The difference between the two index values is one less source identified as a radio AGN under α = −0.7.
Using the rest-frame radio luminosities, radio SFRs are 2 The radio spectral index, α is defined from S ν ∝ ν α , where S is the measured flux density and ν is the observer's frame frequency then calculated using the calibration from Bell (2003) , scaled to a Chabrier (2003) IMF:
As shown in Figure 2 , the Radio-AGN Activity Index leads to the identification of 67 radio sources dominated by AGN activity in ZFOURGE, with 20 in CDFS, 32 in COSMOS, and 15 in UDS.
X-ray AGN Selection
While radio surveys pioneered the way for AGN research (e.g. Baade & Minkowski 1954; Schmidt 1963; , the launch of Chandra and XMM-Newton heralded in a new era of sensitive, deep X-ray surveys, offering an effective alternative to select AGN. These surveys have found that X-ray emission from sources at high Galactic latitudes are predominantly AGN (e.g. Watson et al. 2001 ) and routinely outshine the highest star-forming galaxies (∼ 10 42 erg s −1 ; e.g. Moran et al. 1999; Lira et al. 2002) . While this provides an excellent discriminator for AGN selection, heavy obscuration by dense circumnuclear gas can prove problematic. One way to account for this is by examining the hardness ratio (HR) of a source, which is defined as the normalised difference of counts in the soft and hard X-ray bands, (hard -soft)/(hard + soft). The HR allows an estimate of absorption in the X-ray band, where obscured AGN are expected to exhibit a harder spectrum than unobscured AGN due to the absorption of soft X-rays by obscuring gas (Szokoly et al. 2004) . Considering this, we select X-ray AGN using both the X-ray luminosity and HR of a source.
We first start with the cross-matched photometric redshifts from ZFOURGE and apply X-ray K-corrections to estimate rest-frame luminosities using:
where d l is the luminosity distance in cm, f x is the observed X-ray flux in erg cm −2 s −1 , and Γ is the photon index of the X-ray spectrum, which was fixed to a typical galaxy photon index 3 of Γ = 1.4. For sources in the X11 catalogue, the intrinsic flux is derived from counts in the 0.5-8 keV full band, while for the E09 and U08 catalogues it is derived from the sum of the counts in the relevant bands over 0.5-10 keV. We adjusted flux values calculated in the E09 and U08 catalogues to align with the full bandpass values of the X11 catalogues (0.5-10 → 0.5-8 keV) assuming a power-law model of Γ = 1.4 (i.e. E09 and U08 fluxes are multiplied by a factor of 0.95). We then use the selection technique of Szokoly et al. (2004) to select X-ray AGN:
The luminosity threshold is lower for sources with a stronger HR on account of substantial absorption. In the absence of a HR measurement, we only select sources with L x ≥ 10 42 erg s −1 . As shown in Figure 3 , this approach leads to the identification of 270 X-ray sources dominated by AGN activity in ZFOURGE, with 187 in CDFS, 57 in COSMOS, and 26 in UDS.
Infrared AGN Selection
Despite the efficiency of AGN selection in X-ray surveys, an imbalance in the cosmic X-ray background budget suggests an additional population of heavily obscured AGN are being missed (Comastri et al. 1995; Gilli et al. 2001 Gilli et al. , 2007 . IR observations offer an effective way to identify these AGN by virtue of dust radiating the reprocessed nuclear emission in the mid-IR regime (Sanders et al. 1988 (Sanders et al. , 1989 . Such emission is evident by the changing shape of a galaxy's SED, where an increase in AGN activity also leads to a dilution in the strength of Polycyclic Aromatic Hydrocarbon (PAH) emissions features formed by ultraviolet excitation typical in star-forming regions (Brandl et al. 2006) . The mid-IR is then dominated by the thermal continuum (e.g. Neugebauer et al. 1979; Heisler & De Robertis 1999) . A number of IRAC colour-colour diagnostics have been designed to select AGN by taking advantage of this process (e.g. Lacy et al. 2006; Stern et al. 2005; Donley et al. 2012) . The choice of diagnostic depends on the science being conducted as each has a particular level of completeness and reliability, with one often dominating in favour of the other (e.g. Barmby et al. 2006; Donley et al. 2007; Messias et al. 2012) . Unfortunately, with increasing redshift, the IRAC bands begin to probe shorter rest-frame wavelengths and eventually trace the 1.6 µm stellar bump of a galaxy's SED, which can mimic the AGN thermal continuum. As a result, diagnostics limited to IRAC colours become ineffective at z 2.5
and rapidly introduce contaminants into the selection. Messias et al. (2012) investigated this and found by extending the use of IRAC to additional wavebands, they could reliably select AGN over a broader redshift range. Specifically, the authors proposed two colour diagnostics, K s + IRAC at lower redshifts (z = 0−2.5) and IRAC + 24 µm at higher redshifts (z = 1 − 4). We adopt these diagnostics with the added condition sources have a 5σ detection limit in all relevant bands to reduce scatter. To match the redshift bins used in our analysis (see Section 4.1), we select IR AGN based on the following constraints:
As shown in Figure 4 , this approach leads to the identification of 234 IR sources dominated by AGN activity in ZFOURGE, with 66 in CDFS, 50 in COSMOS, and 118 in UDS.
Summary of AGN Samples
We illustrate the relative size and overlap between the AGN samples in Figure 5 (right panel). Overlap arises from the complex and broad emission of AGN spectra and emphasises that our samples are not wholly independent and not simply relegated to either a radio, X-ray or IR selection bin. Despite this, the relative size of the overlap is comparable to previous studies that have performed multi-wavelgth AGN selection (Hickox et al. 2009; Juneau et al. 2013) . Like these studies, we find the overlap between radio and X-ray AGN hosts is low, while the overlap between IR and X-ray AGN hosts is significantly larger. Of the 500 AGN identified, 54 are found to overlap in one or more wavebands, with 5 identified in all three. For this work, overlapping AGN are treated as independent sources (i.e. 5 sources: a radio, X-ray and IR AGN) unless measurements are made on the combined AGN sample, in which case they are treated as a single source. We summarise the columns of the complete AGN dataset in Table 4 , which provides all host galaxy parameters used to select AGN in ZFOURGE. In Figure 5 , we display the stellar mass and K s -band distributions, along with the population numbers by way of a Venn diagram. This dataset acts as a complementary catalogue to the primary ZFOURGE catalogues. An amended version will be made available at http://zfourge.tamu.edu upon the full public release of ZFOURGE.
MASS-LIMITED SAMPLE
In this section, we extract AGN hosts from the catalogue of candidates selected in Section 3 with the goal of constructing a mass-matched, inactive sample of galaxies (control sample) to compare star-formation activity between AGN hosts and inactive galaxies. Selection is based on redshift, stellar mass and luminosity limits, with the goal of minimising bias on host galaxy properties. Given the shallow X-ray and radio 1 L IR = L 8µm at z = 0.2 − 1.8 and L 24µm at z = 1.8 − 3.2 2 Number of AGN hosts within the specified limits data used to select AGN hosts in ZFOURGE-UDS, this field will be excluded from the comparative analysis.
Redshift, Mass and Luminosity Cuts
To overcome the potential bias associated with K s -band selected galaxies, we limit our sample of AGN hosts to a stellar-mass cut of log(M * /M ) ≥ 9.75, which sits above the 80% completeness limit of ZFOURGE (Papovich et al. Table 1 and while they reduce AGN numbers and restrict comparison across redshifts, they minimise potential luminosity biases by ensuring a consistent luminosity-completeness within each redshift bin.
Control Sample of inactive Galaxies
Tight correlations exist between the physical properties of galaxies and their stellar mass (e.g. Tremonti et al., 2004, mass-metallicty and Noeske et al., 2007 , mass-star-formation rate). This makes constructing a mass-matched control sample of inactive galaxies an essential component for our comparative analysis. Without this consideration, even a masslimited sample would be dominated by galaxies just above the mass threshold, potentially biasing any comparison. We construct our mass-matched control sample by binning inactive galaxies into narrow mass intervals of ∆M * = 0.2 dex. For each AGN host, we randomly select an inactive galaxy from the same redshift bin (z = [0.2-0.8], [0.8-1.8] or [1.8-3.2]) and of similar mass, within ∆M * . For example, a z = 0.74 radio AGN host with log(M * /M ) = 10.87 has 112 inactive analogues from which to draw from. We then calculate and record a mean value for various physical properties of the selected control inactive galaxy (i.e. rest-frame colour, stellar mass and star-formation rate) and repeat for the next AGN host until we have a control sample with the . Stellar mass (left) and K s -band magnitude (middle) as a function of redshift for our radio (green diamonds), X-ray (blue squares) and IR (red circles) AGN hosts, along with the parent sample from ZFOURGE (grey circles). The red dotted line in the left plot represents the 80% mass-completeness limit in ZFOURGE, while the black dashed line is the stellar mass cut of log(M * /M ) ≥ 9.75. The Venn diagram (right) shows the relative number of AGN identified in radio (green), X-ray (blue) and IR (red) wavebands. The overlapping regions between samples correspond to the relative numbers selected in multiple wavebands. Note that these numbers correspond to the complete AGN candidate catalogue detailed in Section 3. For clarity, only 1/3 rd of the parent sample is plotted.
same number of galaxies as the AGN sample. We generate 100 such independent control samples, which we use to compute a final mean control value for each physical property. The distribution of various physical properties for the mass-limited sample of AGN and control sample of inactive galaxies is shown in Figure 6 .
RESULTS
Comparison of Rest-frame Colours
Examining the rest-frame UV J colours of galaxies has become a common approach to distinguish a quiescent population from a star-forming one, including those exhibiting heavy extinction (e.g. Labbé et al. 2005; Wuyts et al. 2007; Williams et al. 2009 ). Referring to the top panel in Figure 7 , quiescent galaxies occupy the upper left region, delimited by the vertices (V − J, U − V) = (−∞, 1.3), (0.85, 1.3), (1.6, 1.95), (1.6, +∞), while the vertical dashed-line (V − J = 1.2) separates non-dusty (lower left) from dusty star-forming galaxies (Spitler et al. 2014) . Within this figure, we examine the UV J colour space of our mass-limited AGN hosts and control sample of inactive galaxies. In the lowest redshift bin (z = 0.2 − 0.8), we find the UV J colours of each subsample of AGN, identified in radio, X-ray or IR, to be consistent with a distinct galaxy population. IR AGN are found exclusively in star-forming galaxies, radio AGN in quiescent galaxies, and X-ray AGN in both quiescent (29.0% ± 8.2%) and star-forming hosts. However, at higher redshifts (z > 0.8), the trend weakens and the distribution of UV J colours scatter to the point where all AGN are predominantly found in the colour space of star-forming hosts (radio AGN; 57.1% ± 13.2%, X-ray AGN; 79.0% ± 4.1%, IR AGN; 91.2% ± 3.8%), mirroring the behaviour of the control sample of galaxies.
When comparing the distribution of UV J colours between AGN hosts and the control sample, the two are found to be qualitatively similar at all redshifts, with slight differences in the peak of their distributions. To accentuate these differences and examine their impact, we compare the quiescent fraction ( f q = N q /(N q + N sf )) and dusty star-former fraction ( f dusty = N dusty /N sf ) of both samples in Figure 7 (lower panels). While low numbers in the radio AGN population hinder the ability to produce statistically significant results, offsets are observed between the IR and X-ray AGN hosts and their respective control samples. For both populations over all redshifts, the dusty fraction is found to be slightly elevated over the control samples, while the quiescent fraction is lower.
Together, all panels in Figure 7 reveal no significant differences between the UV J colours of our AGN and control samples, with the exception that the AGN hosts tend to be more dusty and hosted in a lower fraction of quiescent galaxies. In the following section, we explore these results in further detail by quantitatively gauging the difference in star-formation activity between both samples.
Comparison of Star-Formation Activity
We now focus on the star-formation activity in our masslimited AGN hosts and how they compare to the control sample of inactive galaxies. We use specific star-formation rate (sSFR) as a measure of the relative strength of starformation activity, which is a galaxy's SFR normalised by the mass of its stars (Ψ IR+UV /M * ). In Figure 8 , we show the mean sSFR against stellar mass for our AGN hosts and control sample in bins of redshift. The mean sSFR is found to decrease with increasing stellar mass for all sources, with slight offsets observed between the AGN hosts and control sample. AGN hosts exhibit an elevation over the control sample, with an average logarithmic offset (linear average of the difference between the logarithmic sSFRs) for the combined mass bins of 0.26 ± 0.14 dex at z = 0.2 − 0.8, 0.37 ± 0.10 dex at z = 0.8 − 1.8, and 0.38 ± 0.10 dex at z = 1.8 − 3.2 (see Table 2 for more details).
To better understand the source of this offset, we split the AGN population by detection technique (i.e. radio, Xray and infrared). In Figure 9 , the mean sSFR of each subsample of AGN hosts, along with their respective control sample is shown. It can be seen that each subsample exhibits an elevated level of sSFR over their control samples, with the exception of low-redshift radio AGN hosts. For each subsample, the elevation is found to increase with redshift. This elevation is found to be consistently high and significant for IR AGN (0.48 ± 0.21 dex; z = 0.2 − 0.8, 0.50 ± 0.12 dex; z = 0.8 − 1.8, 0.72 ± 0.13 dex; z = 1.8 − 3.2), but lower and insignificant for X-ray AGN (0.15 ± 0.13 dex; z = 0.2 − 0.8, 0.21 ± 0.13 dex; z = 0.8 − 1.8, 0.25 ± 0.16 dex; z = 1.8 − 3.2). While high redshift radio AGN hosts (z > 0.8) also present an elevated sSFR over the control sample, low number statistics impact its significance (−0.53 ± 0.20 dex; z = 0.2 − 0.8, 0.57 ± 0.20 dex; z = 0.8 − 1.8, 0.55 ± 0.32 dex; z = 1.8 − 3.2 (see Table 3 for more details).
AGN Contamination
As discussed in Section 2.5, there is potential for AGN contamination to impact galaxy properties used in this analysis. The first is our SFRs, which are derived from a combination of UV and IR luminosities and may contain a mixed contribution of light from stars and AGN. We first examine the impact to the UV by removing the UV contribution to the SFRs of the AGN sample and recalculating our results. We find the offsets increase an average of 0.01 dex in each redshift bin, suggesting there is negligible impact from AGN contamination in the UV regime. If we assume contamination to the IR regime wholly explains the elevation of star-formation activity observed in our AGN sample, the contribution from AGN emission would need to be in excess of ∼ 25%. However, the FIR regime is thought to be mostly immune to the effects of AGN (e.g. Netzer et al. 2007; Mullaney et al. 2011) , which is the primary motivation for employing PACs-based SFRs.
The other potential impact is AGN contamination to stellar masses. Ciesla et al. (2015) inspected this by omitting an AGN component while performing SED fitting on a range of Type-I, intermediate type, and Type-II AGN and comparing the measured stellar mass to the true value. Their results showed contamination from a Type-I AGN can lead to an overestimation in mass by as much as 150%. The contamination from intermediate and Type-II, believed to dominate the sample in this study, was overestimated by ∼ 50%. We examine the most extreme of these cases (150% overestimation) and how it impacts our results. We first reduce the mass of our AGN population and then re-sample our mass-matched control sample of inactive galaxies. We find the total average logarithmic offset between active and inactive galaxies to decrease from 0.34 ± 0.07 dex to 0.25 ± 0.07 dex. Since the masses of AGN hosts are only ever overestimated by the SED fits, any sSFR discrepancy is considered to be a minor effect, if this systematic is present.
DISCUSSION
While numerous studies have examined the difference between star-formation activity in AGN hosts and inactive galaxies, their results tend to be conflicting. Earlier studies, which were often limited to low-redshifts, low sample sizes, and no control or crudely matched comparison samples, predominantly found suppressed star-formation activity in AGN hosts (e.g. Ho 2005; Kim et al. 2006; Salim et al. 2007 ). However, with improved selection techniques and deeper observations, recent findings have found their star-formation activity is more similar or even elevated over inactive galaxies (Xue et al. 2010; Mullaney et al. 2011; Juneau et al. 2013) . By implementing multiple AGN selection techniques and pushing to higher redshifts with deep multi-wavelength data, the present work supports the latter. Predominantly, we find that all AGN hosts exhibit a slight elevation in star-formation activity over inactive galaxies. This elevation is consistent across all redshifts, but less pronounced at high stellar mass. The exception to this elevation is low-redshift, radio AGN. As seen in Figure 7 , this population is found to be exclusively hosted by quenched galaxies, which exhibit a lower level of star-formation activity than their mass-matched, inactive counterparts (see Table 3 ). For early studies, limited to low-redshifts, this was well established (e.g. Matthews et al. 1964) , and possibly led to an early perception that AGN are associated with quenched, elliptical galaxies. Unlike infrared and high redshift (z > 0.8) radio AGN hosts, which exhibit a strong elevation in star-formation over their respective control samples, we find the offset for galaxies hosting X-ray AGN to be only marginal. Recent studies, while different in their approach, tend to find similar results. For example, in Bongiorno et al. (2013) , the authors found their sample of type-II AGN to have, on average, the same or slightly lower SFRs than inactive galaxies of the same mass and redshift. Mullaney et al. (2015) find the same, but compare their AGN sample to a main-sequence of star-forming galaxies. While we find slightly higher star-formation in X-ray AGN hosts, this can possibly be explained away by our different approach and selection effects (i.e., our star-formation estimates, mass, luminosity and redshift cuts). That being said, the overarching theme is consistent between all of these recent studies -the star-formation activity of X-ray AGN hosts is mostly consistent with normal galaxies. While the elevated levels of star-formation in X-ray AGN is at best marginal, the offset between IR AGN and the control sample is explicit. The mean sSFR for IR AGN hosts is found to be as much as ∼5 times higher, suggesting there exists a stronger link between IR AGN and its host, than in other types of AGN. Such an analysis has not been accomplished before at high-redshifts due to concerns of AGN contamination in sSFR estimates. However, we mitigate against this effect by employing 160µm derived SFRs, which is believed to be predominantly free from AGN activity.
UV J diagnostics reveal that different AGN types (i.e. radio, X-ray or IR) are hosted by galaxies with different stellar properties at low redshift. This is consistent with studies that have examined the evolution of multi-wavelength AGN, where they're found to evolve with galaxies in the sequence of dusty IR AGN → unobscured X-ray AGN → early-type galaxy with intermittent radio AGN (Hopkins et al. 2006; Hickox et al. 2009; Goulding et al. 2014 ). This scenario is also supported by Figure 9 , where our IR AGN exhibit a star-formation level consistent with young galaxies, radio AGN with quenched galaxies, and X-ray AGN straddling between the two. However, we find this trend weakens at higher redshifts (z 0.8), where all AGN are predominantly found to reside in star-forming galaxies, including our highredshift radio AGN population. This being said, we remind the reader that a comparison between redshifts is inconclusive given the different luminosity depths used during AGN selection. Despite this, our result is supported by the recent findings of Rees et al. (2015) who find the majority of radio AGN at z > 1.5 are hosted by star-forming galaxies. Such results contradict the before-mentioned perception that AGN hosts are traditionally viewed as quenched, elliptical galaxies.
As found in Figure 7 , the UV J colours also reveal AGN hosts tend to be dustier than the control sample of galaxies. Similar to the offsets in star-formation, this is primarily driven by IR AGN, while for X-ray AGN the difference is marginal. These findings further support the scenario of an evolutionary sequence of dusty IR AGN → unobscured X-ray AGN, where copious amounts of gas and dust can fuel both a period of high star-formation and AGN before it begins to exhaust, star-formation slows, and X-rays from the AGN can shine through. Previous studies, which have examined star-formation activity in AGN hosts, commonly invoke a major merger scenario to interpret the finding of elevated star-formation over inactive galaxies (Santini et al. 2012; Rosario et al. 2012; Juneau et al. 2013 ). In such a scenario, gas is driven to the central regions of merging galaxies, fuelling both a period of starburst and AGN activity. Merger driven elevations of star-formation activity has also been postulated to occur in Ultra-Luminous IR Galaxies and high-redshift submillimeter galaxies (Pope et al. 2013) .
Another possible explanation is that positive feedback from AGN activity triggers a flash of star-formation, which could lead to the elevated sSFRs seen in our AGN sample. A number of studies have shown observationally that AGN activity enhances star-formation in both radiatively efficient (e.g. Santini et al. 2012 ) and inefficient AGN (e.g. Karouzos et al. 2014 ) and is commonly explained by gravitationally collapsed cold gas resulting from AGN outflows, such as jets and accretion disk winds. Invoking this scenario would address the elevation of star-formation activity seen in our radio, X-ray and IR AGN hosts, but also leave the door open for the eventual quenching of star-formation from AGN negative feedback − as seen in low-redshift radio AGN hosts.
While star-formation suppression is still required to reduce the over-predicted abundance of massive galaxies in models, we see no direct evidence AGN contributes to this suppression. Indeed, findings from recent simulations suggest that while AGN in isolated star-forming galaxies can remove substantial amounts of gas, this does not translate to a rapid quenching of star-formation (Gabor & Bournaud 2014; Roos et al. 2015) . Despite our inability to isolate a cause, the fact our AGN population exhibits a similar to slightly elevated level of star-formation activity over most of cosmic time − and not a suppressed one − calls into question the significance of AGN quenching as a major mechanism for moderating galaxy growth.
SUMMARY AND CONCLUSION
In this paper, we have utilised high-quality ground-based imaging from ZFOURGE in combination with ancillary data to select radio, X-ray and IR AGN hosts out to high redshifts (z = 0.2 − 3.2). The deep imaging of ZFOURGE further provides us with host galaxy properties, including rest-frame colours, low stellar masses and accurate photometric redshifts. We maximise completeness by limiting our sample by mass, luminosity and redshift before conducting a detailed analysis of the rest-frame UV J colours and star-formation activity of AGN hosts. We also create a control sample of mass-matched, inactive galaxies in order to isolate the impact of AGN activity on star-formation. As discussed in Section 5.3, one of the uncertainties in this study (and all such studies) is conceivably the impact of AGN emission in the measurement of host galaxy properties. We assumed this impact is negligible, but it is difficult to test this assumption more rigorously. Our main findings are as follows:
(i) Radio, X-ray and IR-selected AGN hosts exhibit restframe UV J colours consistent with distinct galaxy populations. IR AGN tend to favour star-forming galaxies, radio AGN favour quiescent galaxies, and X-ray AGN straddle between the two. However, this distinction becomes blurred at higher redshifts (z 1.8), where all AGN favour star-forming hosts.
(ii) The UV J diagnostics also reveal AGN have a higher dusty star-former fraction (N dusty /N sf ) and lower quiescent fraction (N q /(N q + N sf )) when compared to the control sample of inactive galaxies.
(iii) The star-formation activity (mean sSFR) of all AGN hosts tends to be elevated over inactive galaxies (average logarithmic offsets of 0.26±0.14 dex at z = 0.2−0.8, 0.37±0.10 dex at z = 0.8 − 1.8, and 0.38 ± 0.10 dex at z = 1.8 − 3.2).
(iv) The star-formation activity (mean sSFR) of the split sample of radio, X-ray and IR AGN hosts is predominantly elevated over their respective control sample of inactive galaxies. IR AGN hosts exhibit an explicit and consistent ∼ 0.57 dex elevation, X-ray AGN hosts a marginal ∼ 0.21 dex elevation, while radio AGN hosts flip from a lower mean sSFR (−0.53±0.20 dex; z = 0.2−0.8) to higher level (0.55±0.32 dex; z = 1.8 − 3.2) at high redshift.
(v) One possibility for the elevated star-formation is that these AGN hosts are mergers where cold gas fuels both a period of starburst and AGN activity. Though not explored here, this scenario may be tested by comparing the morphologies determined from the existing HST imaging of these fields.
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